Bacillus, KSM-19, KSM-64 and KSM-520, were isolated which produced alkaline cellulases suitable as additives for improving the efficiency of detergent products. Their activities were not inhibited at all by metal ions or various components of laundry products, such as surfactants, chelating agents and proteinases. The enzyme preparations showed strong activities toward carboxv methyl cellulose, the optimum pHs being 8.5-9.5 and the optimum temperatures about 50C.
Cellulases have been studied mainly with respect to their potential industrial use for the exploitation of biomass resources. During the course of studies on the application of microbial enzymes to household products, we found a possible use for alkaline cellulase as an additive for improving the efficacyof laundry detergents.U2) We integrated the alkaline cellulase from Bacillus sp. KSM-635 into heavyduty laundry detergents in Japan and Southeast Asia.1} This is the first example of the large-scale industrial application of a bacterial cellulase.
Recently, some alkalophilic strains of Bacillus were also isolated as producers of potential alkaline cellulases for use in de- tergents. In this paper, we describe the culture conditions for these strains and someproperties of crude preparations of the enzymes produced by them. 91 
Materials and Methods
Media. The organisms were grown on either Medium-I or Medium-II. Medium-I comprised (w/v %) 1% carboxymethyl cellulose (CMC; A10MCfrom Sanyo Kokusaku Pulp Ltd., Tokyo, Japan), 2% polypepton (Nihon Seiyaku Co., Ltd., Tokyo, Japan), 0.1% Bacto yeast extract (Difco, Detroit, U.S.A.), 0.1% KH2PO4, 0.5% NaCl and 0.5% Na2CO3. Medium-II was composed (w/v %) of 1% cellobiose, 5% corn-steep liquor (Nihon Shokuhin Kako Co., Ltd., Tokyo, Japan), 0.1% Bacto yeast extract (Difco), 0.1% KH2PO4, 0.5% NaCl and 0.5% Na2CO3. Na2CO3 was autoclaved separately and the media were solidified by the addition of 1.5% (w/v) Bacto agar (Difco) when necessary.
Isolation of alkaline cellulase-producing microorganisms. A numberof alkaline cellulase-producing bacteria were isolated as described previously1 } on Medium-I agar plates containing 0.0075% (w/v) trypan blue dye.3) Colonies around which clear transparent zones appeared on the agar plates were picked up and producers of alkaline cellulase were then selected after growth on either Medium-I or Medium-II. Enzymatic assays. The reaction mixture for each enzymatic assay was the same as that described previously.1 2) Usually, enzymatic activities were measured in 0.1 m glycine-NaOH buffer, pH 9.0 or 9. (w/v) Na2CO3. The morphological and taxonomic characteristics of the isolates were very similar, and the results obtained are summarized in Table I . The isolates grew well over the wide pH range of7 to ll and grew best at pH 10.5, i.e., they were facultatively alkalophilic. and K-520, were examined in buffers of various pHs. As shown in Fig. 1 , the preparations hydrolyzed CMCand were active over broad pH ranges: pH 4.5-12 for K-19, and pH 3-13 for both K-64 and K-520. Maximumactivities were observed at about pH 8.5-9.5 in every case. Even at pH 10.5, more than half the maximumactivity was detected in the cases of K-19 and K-520. In particular, more than 70% 
Optimum temperature and thermal stability
The optimum temperatures are shown in Fig. 2 . All three crude enzymes were active over a wide temperature range, 10-70°C, the optimum temperatures being around 50°C when CMCwas used as the substrate. The CMCase activities of K-19 and K-64 were stable up to 50°C and that ofK-520 was stable up to 40°C, when the enzymes were preheated at pH 9.0 for lOmin (data not shown).
Effects of metal ions on the CMCaseactivities
Individual metal ions and CMCwere mixed with each crude enzyme preparation and then CMCaseactivity was measured at pH 9.0 and detected in the preparations. Strong lichenase activity was observed for both K-19 and K-64. As shown in Fig. 3 , the lichenase activity of K- Table II . Enzymatic Activities in Preparations of Alkaline Cellulases K-19 was prepared from a culture of Bacillus sp. KSM-19 grown on Medium-I; and K-64 and K-520 from cultures of Bacillus sp. strains KSM-64and KSM-520, respectively, grown on Medium-II. Each enzymatic assay was performed at 30°C in glycine-NaOH buffer (pH 9.0) with the indicated substrate (1%, w/v), as described previously.1 2) The activity of each preparation toward CMCwas taken as 100%.
Relative activity (%) Substrate - showed two pH optima, 6 and 9. Lichenase has been used industrially for the hydrolysis of (l ->3)(l ->4)-/?-D-glucans derived from barley in the manufacture of beer. There have been many reports on the production of lichenase by some strains of Bacillus.9~ll) However, very few alkaline lichenases have been found so far9) and the KSM-64enzyme is most active at pH 9, which is the highest alkaline pH reported for a lichenase thus far. and K-64.
The buffers were the same as those used in Fig. 1 were 5.2U/ml and 3.3 U/ml, respectively, as a result of growth on optimized Medium-II, after 2 days-incubation at 30°C. The poroduction of these alkaline cellulases is controlled by a mechanism involving catabolite repression and induction, as reported for the alkaline cellulase from Bacillus sp. No. 11397) and the a-amylase from Bacillus subtilis.l8A9)
We have isolated the genes for alkaline cellulases from Bacillus sp. KSM-6351}
and Bacillus sp. KSM-522,2) which produce the enzymes almost constitutively, and from Bacillus sp. strains KSM-19 and KSM-64, and mutant derivatives that are resistant to catabolite repression. Weare now analyzing the nucleotide sequences, especially those upstream from the structural genes, in an attempt to clarify the mechanism underlying repression and induction of cellulases in the genus Bacillus.
The isolated strains described in this report (1983) .
